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IDENTIFICATION OF CONDITION OF LINEAR DISPLACEMENT SENSOR

Urgency of the research. There are several types of displacement sensor available on market. Displacement sensor in-
vestigated in this work is based on optical encoder principle. Condition of sensors changes with using of it. Periodically it is
necessary to check its condition, if it is within the declared limits.

Target setting. Displacement linear sensor is mounted in comparator stand for the verifying of its condition using the set
of length gauge blocks. Length gauge blocks allows to set up the etalon of length with various dimension in interval from 0.5mm
to 100 mm. The systematic errors of used set of length gauge blocks of grade “0” are very small in comparing with measured
dimension and measured deviations.

Actual scientific researches and issues analysis. It is necessary to check actual status of sensor. It means that verification
process will obtain the information about maximum permissible error and information about reliability.

Uninvestigated parts of general matters defining. The main problem was to identify condition of sensor. The question of
the probability distribution of measured values and uncertainty balance are uninvestigated, because the next research will be
focused to this are.

The research objective. The aim is to obtain maximum permissible error of explored sensor. On the base of deviation of meas-
urement made on length gauges could be expressed. The optimal number of measurement is problem to know, because the low number
will cause big uncertainty of measurement and large number of measurement will cause the large cost of measurement.

The statement of basic materials. Gauge length blocks have been used for verification of investigated sensor. The set of gauge
length blocks of grade “0” has been used, which are preferred mainly for calibration or verification purposes. Maximum permissible
error has been estimated as math model for next using. Also optimal number of measurement is identified from analysis of
standard deviation of measurements made one hundred times on selected dimensions.

Conclusions. The investigated sensor meets the maximum permissible error limits set by the manufacturer with a large
margin, and so the maximum permissible error limits have been tightened so that the measurement uncertainty is better. The
sensor can be used in dimensional measurement applications, even in industrial conditions.
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Introduction. This work is focused on the field of engineering metrology of lengths. The
main problem in practice is the measurement of lengths with a sufficiently fast reaction time
and minimal measurement uncertainty. These are mainly measurements of the dimensions of
components in industrial production. For this purpose, different types of gauges are produced
based on different physical principles. Measuring systems for measuring dimensions can be
divided according to the output quantity into mechanical and electrical gauge. In the case of
mechanical gauge, the measured dimension is transformed into a mechanical change in the po-
sition of the indicator. For electrical gauge, the measured dimension is transformed into an
electrical signal displayed on electrical instruments and display units.

Mechanical gauges are often used, but their accuracy is limited by the inaccuracy of me-
chanical components and various parasitic phenomena such as friction, backlash and hysteresis.
Their service life is limited due to their gradual wear and require maintenance. The measure-
ment uncertainty with these types of meters is unstable over time and tends to deteriorate over
time, precisely due to mechanical parasitic phenomena.

For these reasons, it is therefore an attempt to replace mechanical gauge with electrical gauge,
where some physical principle is used to transform the measured dimension into an electrical quan-
tity (e.g. electrical voltage, electric current, frequency, pulse width or digital coded signal).

Electric dimensional gauge most often use the resistance principle, optical principle, capac-
itive principle, ultrasonic principle, inductance principle, Hall Effect, etc. Each of these princi-
ples has its advantages and limitations, according to which it is necessary to choose a suitable
principle for the application [1].

In this article, the condition of the Linear displacement sensor (fig.1), which uses a photo-
electric linear encoder consisting of a transmitter - LED diode and a receiver - photodiode, will
be investigated experimentally. By moving the measuring ruler with permeable and imperme-
able places with a spacing of 20 micrometers, with which it is possible to determine the position

of the ruler and thus the measured object. The output of the sensor is a rectangular course of
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electrical voltage. The sensor can be used in any position. The measuring range of the sensor is
100 mm with a resolution of 0.1pum. The maximum inaccuracy of the sensor is declared at the
level (2 + L /100) um, where L - is the measured length in millimeters. The sensor is enclosed
in a housing with dust and water resistance at the level [P54 of degree of protection. This allows
this sensor to be used in industrial operation as well. Spindle is droved with helical spring and
contact point is standard 3 mm ball contact point, which is changeable with another contact
point. The sensor is connected to digital counter with LED display with possibilities to execute
several math functions (fig. 2).

Fig. 1. Verified displacement sensor
& if P Fig. 2. Displacement sensor

in comparator stand with digital counter

1. Experimental verification of the sensor. Experimental verification of sensor has been
executed via using the length gauge blocks of grade “0” (fig. 3). Verification process has been
done using the comparator stand and set of length gauge blocks [2, 3, 4]. The sensor is fixed in
comparator stand and length gauge blocks as etalon were placed between the comparator table
and spindle contact point (fig. 4). Three pieces of the sensor have been available. The aim is to
select the best of them and verify it for achievable accuracy of measurement.

|

Fig. 3. Set of length gauge blocks (grade 0) Fig. 4 Veriﬁchtion process of sensor

All three sensors are verified using the set of length gauges as etalon. In the range from 0
to 100 mm, a standard was set from a set of length gauge blocks to verify all sensors. Systematic
errors of used length gauge blocks are evaluated as algebraic sum of systematic errors of used
individual length gauges (fig. 5). Each millimetre was measured 3 times and the mean values
of these measurements are shown in fig. 6. As it is visible, the systematic errors of the scales
are much smaller than the values measured by the sensor, so these errors can be neglected and
it is not necessary to correct the measured values with these systematic errors of the scales.
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Fig. 6. Deviations of measured data

from three available sensors

From fig. 6 it is visible, that the sensor 2 is the best in terms of the measurement accuracy
achieved. Therefore, the condition of this sensor will be further investigated. If this sensor is in
good condition, it will be used for digital measurement in a length measuring machine for the
purpose of modernizing this machine.
Fig. 7 shows the course of deviations of the measured data from the values of the standards.
All values are shifted to positive values and the course shows that it could be a systematic error
of some part of the measuring chain. The average value of the deviations could be used to
correct the measured values to improve the accuracy of the measurement. However, even after
this correction, several values would show a relatively large measurement error (fig. 7). The
values of deviations show a slightly fluctuating tendencys, so it is possible to try to approximate
their polynomial function, but if it were used to correct the measured values in this case, some
values would show a large measurement error (fig. 8).
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Fig. 8. Deviations of measured data
from sensor 2 with approximation

with polynomial function

Fig. 9 shows the correction by means of the average value of deviations, and for comparison,
a correction was also performed by means of half the value of the variation range (Fig. 10), and
in this case the situation is more favourable in terms of measurement errors.
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from sensor 2 and deviations corrected
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Next, a correction using half the variation range of the measurement deviations will be con-

sidered (Fig. 11). It is then possible to set the maximum deviation limits to +6 pm. These thresh-
olds could further be used to estimate the measurement uncertainty of the measurement chain,
usable for balancing measurement uncertainties that are not known. Based on the experience of
measuring with this sensing system, this is the uncertainty determined by method B (fig. 11).

ISO 10360 standard stated as a limit value of the so-called maximum permissible error -
MPE. 1t is given in the form of a linear mathematical model MPE = A + L / B, which can be
more easily processed in the case of use in the processing of measured values. The sensor man-
ufacturer states the maximum permissible error value for this examined sensor in the form MPE
=+-(2+ L/ 100) in micrometers, where L is the measured value in millimeters.

By plotting this value in the graph of measurement deviations, it is possible to determine
whether this sensor complies with the maximum permissible error defined by the manufacturer
(fig. 12). The graph (fig. 12) shows that the values are within the defined area bounded by the
maximum permissible error values, which means that the sensor complies with the maximum

permissible error values specified by the manufacturer.
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Fig. 11. Deviations corrected using the half  Fig. 12. Comparison of measurement devia-
of variation span with limits tions with limits defined by producer

Fig. 12 shows that the sensor with a large margin meets this criterion set by the manufac-
turer. In Fig. 12, however, it is not possible to see whether the range of values near the zero
value meets this criterion due to the display scale. This can be assessed in detail (fig. 13), which
shows the situation in the interval near the zero value. This graph (fig. 13) also confirmed that
the sensor is in excellent condition.
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Since the sensor with a large margin meets the maximum permissible error set by the man-
ufacturer, then the current new maximum permissible error limits can be determined to charac-
terize the current condition (fig. 14). The new maximum permissible error can therefore be
approximated by the mathematical model +(2 + L / 400) (fig. 14). This border area (fig. 14). It
is possible to use later it for a more accurate assessment of the current measurement condition
of this measurement system.
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2. Repeatability. Another important evaluation criterion of the measuring system is the
repeatability of the measurement. Measurement repeatability expresses the ability of the meas-
urement process on the measuring system to show approximately the same value of the meas-
ured quantity under the same measurement conditions. If the measured values are very scattered
during repeated measurements, it means that the measurement process is unstable and the re-
peatability of the measurement is unsatisfactory. Five dimensions (0 mm; 5 mm; 25 mm; 50
mm; 70 mm) were selected for the repeatability assessment, in which 100 measurements were
performed under the same conditions (Fig. 15, Fig. 16, Fig. 17, Fig. 18, Fig. 19). For a qualita-
tive assessment, fig. 20 shows the cumulative standard deviations. This means that out of a
series of 100 measured measurements, the reference values are gradually evaluated with in-
creasing measured values. Therefore, they are called cumulative standard deviations.
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with value “0 mm” with value “5 mm”

Cumulative standard deviations provide information on how many measurements the meas-
urement process stabilizes. The standard deviation is also used to determine the standard un-
certainty by method A. As can be seen from fig. 20, after exceeding the number of measure-
ments 40, there is no further significant reduction in the value of the standard deviation and
thus no reduction in the standard uncertainty determined by method A. It is therefore unneces-
sary to measure more than 40 times, since the measurement process is already stabilized.
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for selected dimensions

Based on fig. 20, it is thus possible to determine what uncertainty can be obtained by the
method A with a specific number of measurements. The question of the required number of
measurement repetitions can therefore be determined in this way.

Conclusion. The displacement is one of the most frequently measured quantities in the in-
dustry. The sensor investigated in this work is made for use in industrial conditions. After using
this sensor, it is necessary to check its condition after a certain time, whether it meets the spec-
ified conditions. Using a set of length gauge blocks, measurement inaccuracies were detected,
which, however, were within the range delimited by the maximum permissible error values. It
is even possible to narrow these limits in order to show a better value of maximum inaccuracy
and hence the value of standard uncertainty by method B. Examination of measurement repeat-
ability answered the question of what is the optimal number of measurements to achieve a spe-
cific standard deviation that can be considered standard uncertainty determined by method A.
Further research will focus on determining the mathematical statistical model of the distribution
of measured values, which is needed to determine the coefficient of expansion to determine the
expanded measurement uncertainty for the investigated sensor.
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ITEHTU®IKAIIS CTAHY JATUMKA JIHIHHOT O 3MIIIEHHS

AxmyanvHicmb memu 00cnioxncenuAa. Ha punxy oocmynro kinbka munie damyuxie nepemiwyeHHs. Jlamuux nepemiujenns,
docnioxcenutl y yiti pobomi, 6azyemocsi Ha nPUHYUNi onmuyHo2o kodepd. Cman 0amuuKie 3MIHIOEMbCSL NPU 1020 GUKOPUC-
manni. [lepioouuno HeobXIOHO nepesipsamu Yu 6iH 3HAXOOUMBCS 6 3AAGNEHUX MENHCAX.

Ilocmanogka npoodnemu. Bumipiosanonuil AiHiHUT OamMYuK 6CMAHOGIeHULL Y CIeHOT KOMnapamopa 018 nepesipKi 1io2o
CMAaHy 3a 00NOMO20I0 HABOPY BUMIPIOBANLHUX ONIOKIE 008HCUHU. BIIOKU 0N BUMIPIO6AHHA 00BHCUHU DO380NAIONL ECIMAHOBUMU
emanon 008HCUHU 3 PI3HUMU posmipamu 6 iHmepeaii 610 0,5 0o 100 mm. Cucmemamuyni noXubKu UKOPUCMOBYBAHO20 HAOOPY
610Ki6 KanibpyeanbHoi 0oexcunu kiacy « 0y 0yce Mani 6 NOPIGHAHHI 3 GUMIPSHUMU POIMIPAMU MA GUMIDSHUMU GLOXUIEHHAMU.

Ananiz ocmannix docnioxcens i nyonikayiii. Heobxiono nepesipumu paxmuunuti cman damuuxa. Lle oznavae, wo 6
npoyeci nepegipku 6yoe OmpumMana iHghopmayis npo MaKCuUMaibHO OONYCMUMY NOXUOKY ma IH(opMayis npo 1020 HAOIIHICMb.

Buoinenna neoocniosycenux wacmun 3azansnoi npooaemu. OcHo6Hoo npobremoio Oyn0 6UAGICHHS CMAHY OamYUKd.
Humanus po3nooiny limosipHocmell GUMIPAHUX 3HAYEHb MA OANAHCY HEGUIHAYEHOCHI He OOCIIONHCeHI, MOoMY HACHIYnHe 00Ci-
doicerHs Oyoe 30cepedicene came Ha YoOoMY.

Ilocmanogka 3aedannn. Mema nonseac ¢ momy, wob ompumamu 2paHUYHO OONYCMUMY NOXUOKY, 5IKY MONCHA GUMIDSINU,
00CNiONCYBAHUM OAMUUKOM HA OCHOGI GIOXUNCHHA GUMIPIOGAHHS, GUKOHAHO20 NIO Yac GUMIPIOAHHS 006dICUHU. Busnayumu
ONMUMANLHY KINLKICMb GUMIPIOBAHL CKIAOHO, MOMY W0 MANA KilbKICIb GUKIUYHE 6EIUKY HEMOYHICIb GUMIPIOBAHHSL, d 6eUKA
KITLKICMb 8UMIDIOBAHL NPU36ede 00 GUCOKUX GUMPAN HA BUMIDIOGAHHSL.

Buknao ocnoenozo mamepiany. J[ns nepegipki 00CHiONCY8AHO20 OAMUUKA BUKOPUCIMOBYBANUCS ONIOKU 6UMIDIOGANILHOL
odosocunu. bye euxopucmanuil Hadip O10KI6 GUMIDIOEATLHOT Q06XCUHU Kiacy « Oy, SKI GUKOPUCIOBYIOMBCS 8 OCHOBHOMY OJisl
yineil kaniopysanHs yu nepesipku. MaxkcumanoHo 0onycmuma noxubKa po3paxoeana ik Mamemamuyna Mooeio O HACHyn-
HO20 eukopucmauua. Takooc onmumanbHa KineKicms GUMIPIOGAHL GUHAYAEMBCA 3 AHANiZY cmanOapmuo20 Gioxunenns 100-
KPAMHO20 BUMIPIOGAHHSL 0OPAHUX PO3MIDIE.

Buchoeku 6ionogiono 0o cmammi. J[ocniodxcysanuii 0amuuk 6ionogioae SpaHuuHo OONYCIUMUM NOXUOKAM, 6CIAHOGIEHUM
BUPOOHUKOM, 3 6EIUKUM 3ANACOM, [ MOMY SDAHUYHO OONYCIMUMI NOKAZHUKYU NOXUOKU Oyu 8idibpani scopemiiwe, uod noxudrka
BGUMIPIOGAHHS 6YIIA MOYHIULOIO. J{AMYUUK MONCHA BUKOPUCTIOBYEAMU O/l GUMIPIOGAHHSL POMIDIE, HAGIMb Y NPOMUCTOBUX YMOBAX.

Knrwuoei cnosa: oamuuk nepemiugens, 8i0Cmanv; GUMIDHOGANHS, SPAHUYHO OONYCIMUMA NOXUOKA; OAMYUKU OO0BHCUHU.
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